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Abstract now, It has been almost Impsibe for a naive
user to create a graphic display to view

This paper addresses the problems in information.

providing graphic displays automatically to serve

a user naive with respect to computer graphic Our lxvg range goal Is to have an intelligent
devices. it Identifies the properties of data system helping users in the graphical display of

that affect graphic representation and presents a data, performing the task of a graphic artist.
formalism In which to view them. It also our objective, at present, is to facilitate
discusses ard illustrates the selection of variais automatic display of information by providing

graphic formats based an the data to be reasonable defaults for graphuical representation
represented, its properties, and graphic device aid asy user modification of the resulting
characteristics. displays.

1.* Problem Statement The major problem in developing such a system
is that there is a gap bebmen the way a user
conceives of a graphic display and the way the

Dromily speaking, therie are three phase of saidne does. Par the user, it is a meaningful

using omvp ters acquiring, processing aid picture sof up of certain partlilar pieces, for
presenting infoamation. As to the first two, many the macine, It is the esqzne of operationm
years of research aid development have led to the need1ed to crestesuchi a display. A aomm problem
availability of efficient ways of collecting and Is that a user will not think. to make estplicit
processing data. Uoisever, method ot presauttirg what s/tm doe not care aot cc what s/t
information ate by aid large limited to variation; believes the system already krn.s or is able to
of -1-1-a fat.. Fleeding a seq.unc of line aid infer. What is neded is a graphic emrt system
understanding their Impact Is a tedioum job that, on the am hand, Is at an apprpiate
though, reminding pe of the old proverb, 'A conceptual level for ussr to state things that
picture is worth a thousand vords.' As a result, s/be cares about, but# an the other, provides
effocts are now being directed towards presenting appropriate defaults to take Pare of everything
such data graphically. Unfortumately, using else.
graphic devices on be a compex prawns,
requirinig days or even weeks at traiinzg. Up to Plesardu has proven that graphic presentation

S--- --- --- of Information Is better than tabuslar form.
aThis research Is partially supported by DellA
grant #MD903-80-C-0093. Tabdla fati serely presents ra data withut

interpretationla [Gee sluV 19721@ whereas
pictorial for.M omusy the relaitimbip betwesen
the data item.
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ftilustrato tis wftrast bvtwen tabular r EU 11
and grapic presentation. consider the folloing uL LAi iA

ex&Vb. Using the Harvest Ystus Piare"St.
19791, a database querY systsm. a naive user can

wo TMR - 1960 DISKAI UMMN,.:

ad a foratted cutpit as shmm balm: 4,

No existing system provides the default graphical
Arr11.1 FM 1960 formats needed to provide such a service.

I?"_ NUNZ* There are sawe high level" software packages
1. SAZAmm 3S owumercially available, such as PlYOPI anS DISPLA
L. 1IAE 10 (001 that allow an applicationa programer to
3. flW iIM 25 use a graphmic device at a *programming language
4. "DNM is level. Interactive systems like ?ell--Graf
S. IUSCELANIO. 12 IISSDI reqjires users to enter data aid specify

their preferances comletely. But now of these
70MK 100 system can provide default displays for either

Coletely or incletely specifiled choice$.
Sthouserns of doIM5 Noat Is needed Is# highly automated graphics

system to meet the iede CC naive users %ft
"Nr faern tpiat. System such as NNW= either do not went to specify any preferncs
cm pod default formats. This relieves a abot the graphic disptay or give Inaoplete
naive war of the need to provide detailed foMat qiecifiatim.
p nMp - . a burdemem task eup'c0a1Y When

the mo ma not owe owe at the Ioma thus Thin Pper disms -arIrit defaults for

it be amO read. W3~ aspects of a displa the ume has failed to
specify ad hm thase defaults I P d at thre

*mmmr it is not currently possible to facbmrs: the data to be displayvd, the device an
rqm a graphic display in the saeeasy tem - Wth It is to be dimplayed ad the users it io

to.. tw displayed for. Ysa different types of defaults
are cualdereds defaults affectring the choice of
gr~a thromo ds to display the data ard

IN 1INK0 Dam= G3 NUUM defaults affecting tka duata& of -attiribats* fat
that graph, a"d as Aml, elso, orientation,
orderl Wd other factWS. Tes dfalts aWe uSed

ad so a graphi dispuas buu eret to piroide a naive ame with the ability to we
his oc her nmenric data Wchd YmMl otherwise he
premed as atale of mors) In do two of a
pie dwto bar grp at trends Itp.
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11. Def ifitions S. ITS: In the set of labels specifying
the unit of meaaurent assaciated with
each nmeirical value. Example:

9for introducing the systm and basic Thouind of dollars, Hundreds of tamy

asxptions for the systems we shall define the etc.

cocpts we will be using:

1.CflrVIT: a boolean value that One of the factors upon which effective

rpresents whether or nt the m~rs of autoatic data display depends comprises

an ordered set represent an interval of a particular character istics of the data itself. by

watium with respect to the given abstracting out these characteristics, one can

ordering. Exaiple: A set of days, form a well defined bijection sapping that can

Jstnay, monday. Tuesday, Wednesday, help oam to understand the omsplexc phetauean of

miruday. Friday, Saturday) ccu be data and Its manipulations.

defined to represent a WM, an Interval

of time, and have the property let this abstract form of data be represented

wotinuity. while (Sunday, Tuesday, by the word title, a mapping from the domain set
Saturday) may nt, and 1Sunday, Taesday, of labels into the range set of quantities. That

riday, Weneday, Mondlay, Saturday, to,

Thursday) may nt.

2. I7MLIT: is a boolean value that qlq2..*qnv..#(lq2 cn
represents whether or nt the P I Pro of

asetrepresentAL~the cmqnm parts mvre, for every i-i tora, 11 tosthe ith eQemet
of an object or an abstract courmpt. In th dmi mot and for every 1=1 to 0 MA l u
mimiple: the set of itiom fSalaries, to n. qi1 is the ith cam~onmnt of the Ith tumle In

Travoe OPIPMnt, Maintananca, the range set. rAch colum also hms an entitv
Mtiscellaneous) ould be defined to called units arbi anther orl T1y Called
represent the parts of which Mr-W1 is iounbel.
CMPsed,ud have the pr*Oerty

totality. 113 subset (Slarie. Travel,
hlantuiance) wal nt have toaiy In other words, the data In the range set is a

matrix of sisera rams and n os.

3. ODOXJMS Is the mamber of elements

in a set. mmeylee the ordinality of The cardinalitr of raw-labels and

range the set of days In 7. mltiplieity of the ciq be derived from
input data. ltever, two additional proprties of

4. iIZxlIWCM&~ Is the nmbter of values this saping, that ame necessary to select a
assigned to each elumnt In a domain set display format at nt directly derivable from the
by a ming. ftmlet the sapping inpAu data Itself. These are:
esqasr raW from ceal numbers into (i) whether elements of either raw-labels or
amLm nmbters ha the mltiplicity of coorr-labl tern wme ports of saw wisla,
2. with respect to the quasntities represented by eah

mmber of the colsm-labels and raw kal
respectively: that is, %wether either wet has

3141



(11) whesther tiusats of either atrUK
oniwan-Laheis denote to a ronit.iasmwith rsmoat
to the quantities represented bV each mebe of
the caniw-labels and rae-Labels resPect~veiys Having defined the oncepts that we will, b

that Is, whesther either set has cantinaity; 710C using, to dutrate how, the abave mentioned
exape ideas can be used to pecutde a graphic Gisplay,

consider the SI YM 1iW0 exsyle given

NoM MCR 2.2 earier _ _ _ hswiis BU3Er MM 1900, the

set ___ ________bel is(a. (sTruvel, EqFale)t

1975 1.351.45respectively. Given this information aid no

1976 1.0 1.80preferences an the user's part. the systues task
1977 1.932.24is to observe the data and its characteristics,
1978 2.441."decide what type of graphiic format is both

1979 272.1suitable aid feasible with respect to the graphic
device that is available, decide its attributes

in thsexample, the raw-labels are 1972. 1973, aid then display the picture. (Although It should
17,1975, 1976, 1977, 1978 and 1979 and the also allow the user to modify the resulting

colum-labels are CMWff-l and CWPM-2. The display, this aspect of the user interface will
contifuity of raw-labels could be true or false not be dibcussed.) War this exayle. the system

wihrespect to each colum-1abei. If the selects a pie dbart representation to express the
coimpsrismn of incoes for boo caynides over the totality of the roe-labels. This pie chart

peidat times Is preferad, then the continuity of representation is an appropriate chice as
roe-labes *=-id be (true, true) with respect to confirmed in the literatures
each at the colum-labels. If an absolute

omaismn at Incoes, is prefered than the wecsuse a circle gives such a clear Impression of
contimuity at roe-labels mad~ be Ifalse~false). being a tota, a pie chart in ideally suited for
21's totality oftooa-labes cou be true or false, the one purpose It serves - showing the relative
if a relative csrimp ato o each yea's Incm sime of the cmiants of acn Oiale.0 -

with respect to the total Ior- of each coey Ie*lasny 19721
Is prefaced, than the totality of row-labels woul
be (true,true)s otherwise, It would be ... the separation of a %dele amount In term@ of
Ifalse,false). Similarly, the continuity and its omponet quantities. In the graphuic figure,
tchality cou be defined tor celumn-abels. mes a eiroAlar ftam can be sd to resn a wwas
cordinality oftroe-labels Is 3. Thbe multiplicity amount, and an be divdd into segments %ftidi
at tiemaping Is 2. The SEIts are 66llars for represent proportional quantities, or percentages,

each couirr-lbel. o the %Acle.- - MNAmen, 19601.

he we noted abv, ti's uer has nt stated
OW PWetere, regarding ti's disilay. This being
the cae, th's choice of whether or no to color
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the different ;egrenta of the pie (and If so, %dat
camors) is left as another set of defaults. These L0 LU LmLnR I.LLILLf

choles/defeault demend partially on device

capablities but also an hether ol ould i be
an effective way of omsmicatLng information to 2.S
the umer. Wx a device such as the printed page#

the chice of colors is black and white.

In this ax ple, suppose the totlit is
(rais), the systm %oald have opted for a bar
chart. 2it reasons for this option are: (i) 1.5

continuity being false, a line grq is not ,
selected, (ii) totali being alse, a pie

representation is not selected, and (iii) "In a 1.01

graphic figure, quantity can be shown in

orzparative relation to other quantities, through
the extension of abstract parallel bar form." - 0.5

&mmJn 1196). The resulting figure is shoan

belows

n 3In In 1 5 .1% '77 I1 "11

Case 2. If the atinuity of ro-labels is

s( (false, false), the selected graqphc format .uld

30 '

2S 1.0 t-I uID " sItI

Is ,I2. " +-"s [l l
20.

SauiIUOW MFI bW
__ __ 1.5 ri rto .

Asanther - .sl onie he MP~
aminKa. i .

. ,M M M M 4 . we rill lok at f We c ese . "ti, "

case 1. it the continuity of row-labels (* true,r
true), tPhe totalito ron-labels is (false, 1.0 j
false) and the unite is (dollars. dom llas the I
g' fnist selected would be a '/e graph.
That is,

M?6 In -'~ i
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iae3 f the ontimalty of iga.-labels in (true.

false), the grapilc format selected .aaid be

'Io

LU L LQJ L LuLLfnt tj &m t

2.5.

it te mvimiS ad otalty o

ra-lbeswe(flo~a~) rdIna /a

SM ,- it th Ntia d t* Z o 1  gr

Case 4 f ti ant btcrih ropowt he

reutiveata. itmdta~3 e,.etd i

tim orm i ti tq~righ. -



IV. Syt.Overview Depending on the characteristics of Input
data such as Emultiplicity. cardinality, units.

no overview at the proposed system currently continuity and toalt and of graphic device

am developmnt is given in the following such an device tW. spatial and intensity ot

t~pis. ulo resolution, a default graphic forsmat Iauc,

as a pie chart) will be selected to display

information. These rules of selecting a
ST partil Ar display format are defined after

consulting Dertin 119731) *mm (~~1961 and Gene

zelarny 11972 and 19801 and studying various
INPUTDATAgraphic representations.

DEVICE N-E4
S Oc~e the appropriate graphic format has been

LE 710 selected, the format and the informastion to be

IwmC I"SEII displayed are passed to the next nod. the
IM ~AIWIfLE SME1IG. This state onsaults the

device knowledge and domain specific knowledge to

a ofIC1determine the attributes of the display such as
TaqqaEi Itca% DICTIONA&, olor and I- a. The outpuzt of this state

USER IC conists of data and device parameters.

OPWIA%06 ~Depending upon these parameters. th nx

node, GAPhUC PRCIMILIBS, generate the graphic
DISPLAY osmarak to a particular device that realizes the

display.

we are aking the following three asmptions DISPLAY Is the actual display of information,

with respect to this system designs the final output ot the systems, in the graphic

(i) D% is enupcted fraum an existing databeme format.

me system eqiecta a table of infosmation %ichd

amsboth row-labels and lum-labels. Either of The graphic display Is obtained by simply
hase sets my be tagge with the properties of reqjaesting the system to present tabular

Extnuit md/or totality. These two properties information graphically. If the display is not

at the maowing are expected as input to the system satisfactory to the user, it way be mdif led. The

saneg with the data mewping and Information on sadifications; are provided at three lewis: 11)
imats at amasurm I for the qupantities in the input data ould be modified by selecting at

Emne mat. groing the row-labels to be displayed. Oili the

gil) MaIe is equacted to hav a met of routines propertiensuchd as totality at continuity could be

EK drawing and erasing points, line and changed thereby changing the forest of the display

ebactets, and fat setting colors or grey values, and (iii) attributes of display ouald be changed.
Oft) a=is ampsotad to be able to type in the
="mst for a graphic display.

The informastion fromi a datam ester the
%a at the fwd MUW MM. Te data is poased
10 trn net node PW? SEW&GS.
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6. LUiAr a oft ar* Pract ofIntegrated Soft tare Systems crporation,
Insumy ts haed tSan Diego, Ca. 92121.

system [Onaarl, 1980) ,0hidch w have designed 7. zetaw. G. " a~o ,in And Usingto Provide aqryxrate defaults fo troe asU . Vct. Oarta', o:ight 1972, Gane 2eiany,€t the presentation of a usez'$ data that 9/e M)inuey and a X., No. York.
either does not care abot or assumes the system
Would *obviously" infer. 7he underlying 8. Zelavy, G.8 Directo, VisualOtrctuceg Of linput data hafe been studie and aDircaector ,cinaey a id
abstracted and relavant properties of data have Xen., Hey York, ftrSona C b
been reconized. A reasoiabiy large set of 1980.
graphic formats have been defined for presenting

data. Currently e are working on. knowledge
repretatj issues of the system.
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